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PREFACE. 



Some apology is needed for giving to this little treatise a title 
which its contents do not strictly bear out. The explanation 
is that the book has been reviewed in a semi-official manner 
under the title " A Treatise on the use of the Hand Camera," 
and condemned as being too technical for general reading; 
and in possessing a title that might be misleading in this 
respect. There is much truth in this verdict ; and it is hoped 
that the alteration of title, by erring in an opposite and safer 
direction, will prevent any misapprehension and disappoint- 
ment that might have been caused by publishing the book and 
placing it in a catalogue under its original name. 

Whilst fully accepting what will no doubt be the general 
opinion of the book, there are certain considerations which 
seem to suggest that it may not be altogether useless. To 
many persons the hand camera is far from being a toy ; it 
becomes at times quite as much a professional instrument as, 
for example, an engineer's theodolite ; whilst the remarkable 
skill and ingenuity shown in the construction of the various 
appliances that constitute a high-class camera, make it all 
the more worthy of being treated in a somewhat technical 
manner. 

It is hardly necessary to point out that in subjects of this 
kind there is always a more or less wide gap between the 
results of theory and practice ; and it is not to be supposed 
that mathematical rules and formulas can be worked to with 
strict accuracy ; their practical value is to be found in the fact 
that they teach us in the shortest and surest way what to 
attempt and what to avoid. The following remark by Mr. 
Boursault in the treatise referred to below, very aptly expresses 
this point: " II est vrai que le calcul ne peut pas tout dormer 
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en photographie, mais on a le droit, et on doit, lui demander 
le plus possible." 

No effort has been made to produce a complete treatise on 
hand camera photography, the design has been rather to 
supplement the instructions contained in some of the more 
elementary hand-books of the subject, and to convey in a 
concise form a sufficiently exact notion of certain principles 
that are usually dealt with only in separate treatises. It is 
perhaps the placing together of these somewhat heterogeneous 
materials within a small compass that gives to the book a 
forbidding appearance ; but on a closer inspection it will be 
found to contain nothing very formidable. 

The aim of the book is to induce, and possibly help the 
photographer to use his camera in a systematic and efficient 
manner ; or to put it in popular language, to work his instru- 
ment " for all it is worth." 

I take this opportunity of expressing my thanks to Mr. 
Leaute (the Editor of the Encyclopedic Scientifique des Aide 
Memohe,) and to Mr. Boursault the author, for permission to 
make use of some of the Tables contained in his treatise on 
Exposure ( T ) published in the series mentioned. I had origi- 
nally intended to give Mr. Boursault's Table of " Hourly 
Coefficients " in its entirety, but as Chapter X is merely an 
attempt to indicate an indispensable minimum of what is 
required, I have introduced a more concise Table of a similar 
kind ; and at the same time I have added the information 
necessary to enable these coefficients to be calculated under 
any conditions. 

Those who wish to study the subject of Exposure in all its 
bearings, cannot do better than consult Mr. Boursault's 
excellent treatise. 

W. B. C. 

December, 1900. 

(*) Le calcul du temps de pose en photographie. Gauthier- 
Villars, Paris, 1896. 
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TECHNICS OF THE HAND CAMERA 



CHAPTER I. 

INTRODUCTORY. 

IT is generally recognised that the successful use of the 
hand camera requires greater skill, as well as a more 
intimate knowledge of some of the fundamental princi- 
ples of photography, than is the case with the stand 
camera. 

With the latter instrument, a " rule of thumb " pro- 
cedure is generally sufficient, and there is little need for 
any special judgement or calculation. For instance; 
the inspection of the image on the ground-glass screen 
in the operation of focussing, obviates the necessity of 
estimating the " object distance," the hyperfocal distance, 
or the depth of field ; all of which may require to be 
determined with tolerable accuracy when using a hand 
camera. 

To focus correctly is one of the chief difficulties, and it 
is well to remember that the art of focussing consists, 
not merely in obtaining a sharp image of any particular 
portion of a view, but in distributing a certain unavoid- 
able amount of blurring over those parts of the picture 
where it will be least objectionable: or, in technical 
language, in securing the proper amount, and best 
position of, the depth of field afforded by the lens. 

In viewing a near landscape, for example, the eye 
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adjusts itself alternately to the various parts of the scene; 
while the camera may be said to stare at the view as a 
whole : and it should be the aim of the photographer to 
attenuate as much as possible the effect of this uncom- 
promising characteristic of the instrument's "eye." 

The theory of this part of the subject rests on two very 
simple principles; known as "the law of conjugate foci," 
and the " circle of confusion." 

" Depth of focus" is a subject that often proves a kind 
of "pons asinorum" to the beginner. The confusion 
arises chiefly through confounding it with hyperfocal 
distance and depth of field : two perfectly distinct, 
though intimately related properties of the lens : and it 
is hoped that the chapters dealing with this part of the 
subject may help to dispel some very erroneous ideas 
that exist as to the true meaning of these terms. 

The chapter on the shutter is intended only to give a 
general idea of its action under varying conditions. 
The subject is a rather complex one, and with some 
kinds of shutter it is often difficult to form an exact 
notion of what takes place during an exposure. Happily 
this is not a matter of vital importance ; and provided 
the shutter works with regularity without vibration, and 
gives an efficient exposure, it is not always easy to 
choose between well-made shutters of different types. 

For the purpose of this treatise, the hand camera may 
be classed under two heads; (i) the "Fixed Focus" 
camera : and, (2) the " Focussing" camera. 

Some rather curious ideas exist as to the meaning of 
the term " fixed focus" ; but it is sufficient to state that 
it has nothing to do with the dimensions of the lens, or 
the aperture of the diaphragm ; and simply implies that, 
whatever its focal length, the lens is fixed to the camera 
in such way that its distance from the screen, or plate, 
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cannot be made to vary as is the case with a " focussing" 
camera which is provided with a rack and pinion for 
that purpose. 

The relative advantages of the two systems will be 
seen when we come to the subjects of hyperfocal distance 
and depth of field. 

No reference has been made in the following pages to 
the " twin lens" camera ; as instruments of this kind, in 
their present form, seem unlikely to supersede the or- 
dinary single-lens focussing camera. 

Certain parts of Chapter X dealing with the calcula- 
tion of " light coefficients" may perhaps appear abstruse ; 
but only a very elementary knowledge of trigonometry 
is required to make use of the formulas and Tables 
given, and it is hoped that this portion of the book may 
be appreciated by residents abroad. 

The chapter on moving objects is probably the least 
useful of any; but the results of this chapter are summed 
up in Table II, which the writer believes will be found 
the most practical form in which a Table of this kind 
has hitherto been published. 
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CHAPTER II. 

THE LAW OF CONJUGATE FOCI. 

In the literature of photography the word focus is com- 
monly employed to denote the focal length of a lens : as 
for example, when a lens is said to have a " short focus," 
a " five-inch focus," etc. ; but in the strict language of 
Optics a focus is a point at which the rays of a pencil of 
light are concentrated. 

In Fig. i, let L 1/ denote the aperture of a lens dia- 
phragm : C a point, or very small portion, of an object 
situated in the axis, X X, of the lens ; and let LCL' 
represent a diverging pencil, or cone of light, proceeding 
from the point C to the lens. 

After traversing the lens, the rays forming the cone 
LCL' converge to a point C, thus forming a second 
cone L C I/. 

The point C is the " image" of C; and the two points 
C C are " conjugate foci." 

If we now cause the object C to move away from the 
lens, there will be a corresponding movement of its 
image in the same direction ; (i.e. C will approach the 
lens), until finally when the object is at a great distance, 
generally spoken of as u infinity," the rays L, I, proceed- 
ing from a very distant object I, will be very nearly 
parallel to the axis of the lens ; and the image of I will 
be formed at I' at a distance/* from the diaphragm. 

The point T is a " principal focus," and the distance/* 
is variously called the " principal focal distance," "abso- 
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lute focal distance," " equivalent focus," " focal length," 
and even briefly, the "focus" of the lens. 

The term "focal length" will generally be employed 
in this treatise. 

If c and c' denote respectively the distance of C and C 
from the diaphragm, ( l ) then, in accordance with the law 
of conjugate foci, the following relation exists : 



Co 



I 
c 


+ 


I 

"7 


i 

= 7 


• 
• 


C' : 




«•/ 



• (2) 

C - f 

which determines the position of the image when the 
focal length/* and the " object distance " c are known. 
Equation (2) may be written 

/ 
c' = — 



/ 

1 

c 



which shows that when c is infinite, c = f as already 
explained. 

In a general way, if A and B are any two objects 

( 2 ) Strictly speaking the distance c should be measured 
from a point in the axis of the lens, called the " node of inci- 
dence"; and c' from the u node of emergence.' ' The positions 
of these nodes vary according to the construction of the lens, 
and are seldom found to coincide : but they are generally so 
near to each other that, except in certain cases referred to 
farther on, the error entailed by measuring from the diaphragm 
is of no practical importance. 
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situated at distances a and 6 } then the distances of their 
images from the diaphragm will be 



and 



a f 

a' = .... (3) 

a - } 



b f 
b' = —4. .... (4) 



The lengths a' b' c\ etc., are called " focal distances" ; 
and we see that there may be any number of such focal 
distances, according to the positions of the objects : but 
there is only one to which the term " focal length " is 
applied ; this particular one being the shortest of all. 

There is another way of stating the relation between 
the distances of conjugate foci which is sometimes 
useful. 

In Fig. 2, L, 1/ is the lens diaphragm : C and C an 
object and its image : F F' two points in the axis of the 
ens, each at a distance /from the diaphragm. 

Denoting the distance F C by fi, and F' C by p\ then 
the law of conjugate foci is expressed by the relation, 

PP' =f x / = f 

f 
.'. f = — • • - • (5) 
P 




t * « * *-** ^ * *- 



Fig. 2. 
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Compared with the previous method it may be ob- 
served that p in Fig. 2, is equal to (c —f) in Fig. 1 : and 
f is equal to (c' —f). Substituting these values for p 
and p' in eq. (5) we have 

C -/ = -+— 
c -./ 

/. c' = —!— 

which is identical with eq. (2). 

It may also be noted that when p, in eq. (5), is infinite, 
then p' = 0. 

Equation (5) determines the graduation of the divi- 
sions of the scale ot a focussing camera; but to graduate 
the scale in this way, it is necessary to know the focal 
length of the lens with some accuracy: and, in a general 
way, it is better to determine the divisions experimentally, 
by focussing for a few carefully measured object distances, 
and marking the scale accordingly. 
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CHAPTER III. 

THE CIRCLE OF CONFUSION. 

In Fig. 3, let c and <f denote, as before, the distances of 
the object C and its image C from the diaphragm. 

The rays ol light proceeding from C, after converging 
to a point at C, again diverge, and form the cone 
M C M'. 

By placing the screen of the camera in the position 
p p' passing through C, it will receive a sharp image 
of the object C ; but it is evident that if the screen is 
placed in any other position, such for example as qq or 
r r', it will intersect the cone of the rays, and so to say, 
blunt the point of the cone ; and the image of every 
point in the object C, becomes a disc, or circle of rays, 
the diameter of which is pp' or rr' . 

Such a disc or circle, is known as a " circle of confu- 
sion. 

There is, therefore, only one position of the screen 
that will give a truly sharp image of an object at any 
given distance; but by common experience we know 
that a certain latitude is permissible in this respect : and 
that, provided the screen is approximately in the position 
p p\ so that the circle of confusion does not exceed a 
certain admissible value, we still find the image toler- 
ably sharp. 

Now supposing the screen to remain, for example, in 
the position q q , then it is evident as shown by the rays 
R R' that by reducing the diameter of the aperture of 
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Fig. 3. 
the diaphragm, we also reduce the diameter of the circle 
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of confusion in the same proportion. In other words, 
the smaller the aperture, the sharper the image. 

It is generally considered that the diameter of the 
circle of confusion should not exceed -^ in., in order to 
give what may be properly called a tolerably sharp 
image. This, however, is entirely a question of taste, 
and one which as will be seen later on, every photogra- 
pher can easily decide for himself. 
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CHAPTER IV. 

DEPTH OF FOCUS. 

The property of the lens known as " depth of focus " is 
not in itself a subject of much interest to the photog- 
rapher; but the term is very frequently misused, and it 
is well that its true meaning should be understood. 

In focussing an object it is found, as explained in the 
last chapter, that the screen may be moved backwards 
and forwards within certain limits without greatly im- 
pairing the sharpness of the image ; and it is the distance 
D, Fig. 3, between these limiting positions of the screen, 
that constitutes the depth of focus. 

In Fig. 3 let 

d = the diameter of the diaphragm aperture. 
/= the focal length of the lens. 
= the diameter of the permissible circle of con- 
fusion, 
and D = the depth of focus. 

then, if qq' and rr'are the two positions of the screen which 
make q q and r r equal to 0, the distance D is the depth 
of focus for the given values of d and 0. 

It is evident from the figure that the smaller the value 
adopted for 0, the smaller will be the depth of focus for 
any given aperture. 

Also, the smaller the aperture the greater the depth of 
focus for any given value of 0. 

In other words, depth of focus is directly proportional 
to the diameter of the circle of confusion, and inversely 
proportional to the diameter of the aperture. 
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From eq. (2) we know that 


c' 


cf 

c -f 


and by similar triangles 
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c' 


D 
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2 0c' 
D - 



(2) 



Substituting the value of c from eq. (2). 

20 f c 
D = —- x . . (6) 

d c -f 

When c is infinite (i.e. when the lens is focussed on a 
very distant object) the factor c c _^ is equal to unity, 
and eq. (6) becomes 

2 Of 
D = —f- • • • • (7) 

This equation shows that, when a lens is focussed on 
a distant object, depth of focus varies as the fraction 
— d - , and is consequently the same for all lenses working 

at the same intensity. 

When a lens is focussed on an object at a compara- 
tively short distance c } eq. (6), shows that an increase of 
the focal length causes a very small increase of the 
depth of focus : but from a practical point of view it may 
be said that depth of focus is constant for all lenses 
having the same relative aperture. 

The term refers therefore to the positions that may be 
occupied by the screen or photographic plate. The 
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misuse of the expression as being synonymous with 
hyperfocal distance, and depth of field, is apt to lead to 
great confusion. 

If we substitute for d its equivalent f\n (where n is the 
number of times the diameter is contained in the focal 
length), e.g.//8,//n, etc., equation (6) becomes 

c 
D = 2 n 6 .... (6a) 

and eq. (7) becomes 

D = 2 11 6 . . . . (ja) 

In trade catalogues lenses used sometimes to be 
recommended as " possessing great depth of focus"; but 
it is evident that this can only mean that the lens is not 
capable of working at a large aperture. 
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CHAPTER V. 

HYPERFOCAIv DISTANCE. 

The hyperfocal distance is usually defined as the distance 
from the lens beyond which all objects will appear toler- 
ably sharp on the screen, when the lens is focussed for 
infinity. The sentence in italics indicates what appears 
to be the generally accepted condition ; but according to 
the definition given by Colonel Moessard, (*) the lens 
should be focussed in such way that the image of a very 
distant object, instead of being in true focus, is blurred 
to the permissible extent. 

The effect of this is to make the hyperfocal distance 
equal to one half that obtained under the former con- 
dition. 

In the writer's opinion, Colonel Moessard's definition 
is not altogether a satisfactory one ; and, as will be seen 
further on, it would seem better to consider it as repre- 
senting only the hyperfocal distance for a special case of 
depth of field; but the question is, of course, purely 
conventional. 

In Fig. 4, let d denote, as before, the diameter of the 
diaphragm aperture : L, I, 1/ I', the rays of light pro- 
ceeding from a distant object I, and forming an image 
of I at I', on the screen pp'. 

The screen will then be at the distance f from the 
diaphragm, and the lens is "in focus for infinity." 

(*) UOptique Photographique. Paris, 1898. 
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Let us now consider an object H situated at a distance 
h from the lens. 

A sharp image of H will be formed at H' behind the 
screen, and at a distance h' from the diaphragm : conse- 
quently a point in the object H will be represented on 
the screen by a circle of confusion of diameter//' : i.e. 
the image of H is blurred. 

Now it is evident that any change of the position of 
H along the axis, will affect the size of the circle of con- 
fusion represented by pp' ; and when H is so placed that 
pp' is equal to the required value of 0, then, the distance 
h is the hyperfocal distance for that particular value 
of 0, and the size of the diaphragm employed. 

By the law of conjugate foci, 

// f 

h' = — '■ — . . . . (a) 

*-/ 
and by similar triangles, 

d 6 



h' //' -/ 

Substituting in this equation the value of h' from 
eq. (0), 

d(h-f) O(h-f) 







hf 


/' 


m 




d 





A 




" h 
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ICl 




h = 


'if 

• • 

e 


Substituting, 


as 


before -£- 


for d y 






h = 


116 



(8) 



(8a) 
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The practical significance of this formula is illustrated 
by the diagram Fig. 5. 

At Iv is the camera, with the lens focussed on a 
"distant" object, I. The ordinates 0' 0" , etc., repre- 
sent, (on a very exaggerated scale), the diameter of the 
circle of confusion for objects at various distances from 
the lens : the object H being at the hyperfocal distance 
h corresponding with eq. (8 a ). 

Having adopted any particular value of 0, e.g. -^ in. : 
this equation determines the distance for which the 
diameter of the circle of confusion will equal T ^ in. 
when the lens is in focus for infinity. 

Conversely, if we wish to know the value of 6 for an 
object at any distance x y (Fig. 5), we have only to 
transpose eq. (8 a ) and substitute x for h : then, 

P 
= ..... (g) 

11 x 

which is the value of the ordinate 0'. 

The word infinity is used in a conventional sense ; 
and for every lens there is what may be called a " prac- 
tical infinity " : i.e. a distance such that the movement 
of the screen required to sharply focus all objects beyond, 
is so small as to be practically negligeable. 

Referring to Fig. 2, and eq. (5) it will be seen that for 
an object to be practically at infinity, it is necessary that 
p' should be very small — say y\, in. — which is about as 
small a value as the ordinary operation of focussing on a 
ground-glass screen makes appreciable. Substituting 
this value of p' in eq. (5) and equating for/ we have, 

P = 5°/ 3 .... (10) 

This is a good object distance to use in determining 
the position of the lens in a fixed focus camera ; and care 
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must be taken that the focal distance is / + /' and not 

Formula (10) is for /and/ in inches. For centimetres 
the formula becomes, 

p — 20 f* .... (10a) 

There is a considerable difference of opinion as to 
what should be the size of the circle of confusion to give 
a sufficiently sharp picture ; and it has even been sug- 
gested that # might be increased in proportion to the 
focal length of the lens. It is difficult to see any good 
grounds for this suggestion ; but however this may be, 
eq. (9) will enable any one to form an independent idea 
on the subject. 

All that is necessary is to focus carefully for infinity, ( l ) 
and then measure the distance x to an object whose 
image is considered to possess the maximum permissible 
blur. Equation (9) will then give the value of 6 which 
the case represents. 

(*) This should be done with the largest aperture so as 
to reduce the depth of focus as much as possible : and by this 
means there is greater certainty that the screen is truly at the 
principal focus. 



THE HAND CAMERA. 21 



CHAPTER VI. 

DEPTH OF FIELD. 

If two objects, A and B Fig. 6, are placed respectively 
at the distances a and b from the lens, it is possible to 
place a third object C at an intermediate distance c such 
that, when C is in true focus, the images of A and B 
will be equally blurred, that is to say, the value of 6 will 
be the same for each of the two outside objects. 

The distance D', = 6 — a, between the objects A and 
B, is the " depth of field." 

It will be shown further on that the distance c ) which 
satisfies the condition just stated, is expressed by the 
equation 

2 a b 

<■' = — -r ( IX ) 

a + b 

and is consequently a harmonical mean between the 
values of a and 6. 

With a stand camera eq. (n) is all that is required to 
enable the objects A g.nd B to be included in a picture 
with the lens working to the best advantage : that is to 
say with the largest stop that will give the necessary 
depth of field. The mode of procedure is simply to 
focus for the distance c } Fig. 7., and then reduce the 
aperture until one of the objects, e.g. A, is sufficiently 
sharp : the image of B will then be equally sharp. 

If the lens were focussed for any distance other than c 
as determined by eq. (11), then on bringing the image of 
A to the required degree of sharpness by the reduction 
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Fig. 6. 



of the aperture, the image of B would not be equally 
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sharp, (it would be either sharper, or less sharp) ; and 
the depth of field would be badly distributed : there 
would be, so to say, a waste of depth of field. 

With a hand camera the problem presents itself in a 
a somewhat different manner, and is also rather more 
complicated. 

It becomes necessary to know within a certain degree 
of approximation, what will be the distance a and the 
depth of field D', when the lens is in focus for a given 
object distance c. 

In Fig. 6. A B and C are three objects whose images 
are formed at A' B' and C. 

The screen pp' is placed at C, and consequently 
receives a sharp image of the object C : whilst the 
images of A and B are equally blurred ; having a circle 
of confusion of diameter pp' = 0. 

As before a b and c denote the distances of the objects 
A B and C, and a' U and c' the distances of their images, 
from the diaphragm. 

Let d= the diameter of the aperture of the diaphragm, 
and / the focal length of the lens; then by similar 
triangles, 

6 _ d 
a 1 -c'~~a' 
d d 
a — v 



But, by eq. (3) 

a' = 
and 



d 



a-f 

cf 
c-f 
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Substituting these values of a and c in eq. {a) we 
have, 

af dfc 

a -f {d-0)(c-f) 

dfc 

df+0(c—f) 

Dividing above and below by 0, 

df 



6 

a = 



x c 



d/ 



6 

By (eq. 8) 

df 

= h (the hyperfocal distance). 

h c 
.". a = . . . . (12) 

* + ('-/) 
To determine the value of 6 y we have, 

e d 



But by eq. (4) 



c' - b' b' 

c'd 
:. b' = .... (6) 

d + V 

bf 
b' = J 



and 



c = 



b-f 



c-f 
Substituting these values in eq. (6), 

bf dfc 

b-f (d + d)(c-f) 

dfc 

• • fr — — 7. 

df-6{c-f) 
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Dividing above and below by 0, 

df " 



7 ^ 

•0 = 



X c 



dj 

- (c -f) 



6 

and substituting as before h for '-/, 

he 

b = (13) 

h-{c-f) 

Since / is generally very small compared with c, we 
may, for all practical purposes, omit it in the denomi- 
nators of eq. (12) and (13), and write, 

he 

a = .... (12a) 

h + c K J 

h c 

b = .... (13a) 

// — c 

From eq. (12a) we have 

a h 

w ■■ ' • • • • • I C- J 

h - a 

and from eq. (130) 

he 
h = 



b—c 

Substituting this value of h in eq. (^), 

iab 



c = 



a + b 

which is identical with eq. (11) already given. 

Since b — a is the depth of field ; we have, by taking 
the difference of the right hand members of eq. (120) 
and (13a), 
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h c h c 



D' = 



h — c h + c 



2 he* 

:. D' = .... (14) 

h*—c* v *' 

but it will generally be found more convenient to 
calculate a and b separately, and take their numerical 
difference. 

The diagram, Fig. 7, illustrates a case of depth of field. 
The lens at L, is focussed on an object C, at a distance c\ 
and the distances a and b are such as to satisfy equations 
{12a) and (130) ; whilst the ordinates of the curve repre- 
sent the values of 6 for objects at various distances from 
the lens, in the same way as already explained with 
reference to Fig. 5. 

It may be noted that if in eq. (12a) and (130) we make 
c = h\ that is to say, if we focus on an object situated 
at the hyperfocal distance as determined by eq. (8) or 
(80), the equations become, 

h* h 
« = — = —. . . (15) 

2/1 2 



and 



h 2 
h = = infinity . . (16) 







The value of a in eq. (15) corresponds with Colonel 
Moessard^ definition of hyperfocal distance to which 
reference has already been made. 

The distribution of definition in this particular case is 

as follows : For an object at the distance-*- the circle of 
confusion is equal to the value adopted in calculating 
h\ from *-to h it gradually decreases to zero; when it 
again increases, and tends towards the value 6 at infinity. 
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Fig. 7. 
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Theoretically therefore everything is sufficiently sharp 

beyond the distance a = -~ , and this particular distance 

is sometimes recommended as a " practical infinity" for 
determining the position of the lens in a fixed focus 
camera ; but if so used, the value of h should be calcu- 
lated for the largest stop ; otherwise the lens would not 
always give the required definition in a distant view. 

From what has been said in the last three chapters, it 
will be seen how perfectly distinct are the three condi- 
tions of depth of focus, hyperfocal distance, and depth of 
field. 

Depth of focus is practically constant for all lenses. 

Hyperfocal distance is proportional to the square of 
the focal length of the lens : and, depth of field, though 
it does not vary in a simple manner, increases as the 
focal length is diminished. 

Equation (14) may be written 

2 c 2 



h(i 



(— ir) 



which shows that the greater A, (and consequently the 
greater the focal length) the greater will be the denomi- 
nator in the above expression : and therefore the smaller 
the value of D' : so that the shorter the focal length, the 
greater will be the depth of field ; all other conditions 
(viz. c y n y and 6) remaining the same. 

With a focussing camera, the values of a and D' 
should be calculated for the lens in use, and tabulated 
in some convenient manner. 

The following Table, which may serve as an example, 
is calculated for a 5-in. lens and a circle of confusion 
of t^tj in. 

In the practical use of a Table of this kind, it is suffi- 
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cient to commit to memory the value of a and D' for 
two or three object distances c ; and as soon as these are 
worked to with facility, the interpolation of intermediate 
values will not be found difficult. 

Table I, giving the hyperfocal distance a and depth of field 
D', for/ = 5 inches, and 9 = T ^ in. 
All dimensions in yards. 



f 


Object Distance c = Yards. 


3 


4 


5 


6 


10 


15 


00 


n 


a 


D' 


a 


D' 


a 


D' 


a 


D' 


a 


D' 


a 


D' 


h 


m 


2.20 


2.25 


2.80 


4.40 


3.20 


8.15 


3.60 


15-0 


4.70 


00 


5-5o 


00 


8.70 


//"■3 


2.00 


3-55 


2.45 


8.35 


2.80 


21.0 


3.10 


.126.0 


385 


11 


4.40 


»• 


6.15 


//16 


1.80 


7.00 


2.15 


340 


2.35 


00 


2.55 


00 


300 


!• 


340 


«i 


4-35 


//22.6 


1-55 


42.0 


1-75 


00 


2.00 


00 


2.10 


00 


235 


11 


2.50 


11 


305 


//32 


1.30 


00 


1.45 


00 


1.50 


00 


1.60 


00 


1.80 


•1 


1.90 


M 


2.20 



The last column of this Table contains the hyperfocal 
distances ( l ) for the apertures given in the first column. 

Any value of a, corresponding to eq. (12) or (12a) , is 
consequently a " hyperfocal " distance; but it is always 
less than the hyperfocal distance determined by eq. (8) 
or (80). 

A little practice in judging distances is required in 
order to use Table I. with advantage. It is a good plan 



( 2 ) This is the only column required with a " fixed focus " 
camera when the lens is in focus for infinity. 
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to first acquire the knack of estimating one distance, — 
say twenty yards — and this can soon be done within a 
couple of yards or so. The next step is to halve this by 
the eye, for ten yards, and so on ; but in the case of short 
distances, it is generally more practical to pace them. In 
towns it will be found useful to note the widths of some 
of the streets, . by counting the number of paces in 
crossing them : and the quarter, half, or three-quarter 
width is then easily determined by the eye. 

As in the case given in the last chapter, we may 
reverse the problem, and find the value of for any 
given distance x y Fig. 7, when the lens is in focus for an 
object at a finite distance c. 

Thus, if we substitute for h in eq. (120) or (130) its 

value -^-g-; then by transposing, we find for any 
distance x less than c, 

P c — x 

e = — .... (17) 

11 X c 

and for any distance x greater than c 

/ 2 x — c 

6 = — .... (18) 

n x c 

If c = infinity, eq. (17) becomes 

r 



6 = 



nx 



which is identical with eq. (9). 

We see, therefore, that with all lenses working at the 
same intensity, and focussed for the same distance c, the 
blurring of the image of an " out-of-focus " object at 
any distance x } is proportional to the square of the focal 
length of the lens. We shall have occasion to refer 
again to this matter in Chapter VIII. 
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CHAPTER VII. 

MOVING OBJECTS. 

The blurring of an image caused by the movement of 
the object, without being strictly analogous to that due 
to imperfect focussing, produces more or less the same 
effect. 

It will be convenient to consider first the blurring 
which results from the change of size of the image, 
when the object moves directly in the axis of the lens. 

In Fig. 8, P P' is an object at a distance c ; h denotes 
the position of the lens, and /its focal length. 

Let H equal a linear dimension (e.g. the height) of 
the object P P', and h the corresponding dimension of 
its image pp' ; and let us suppose that P P' moves to- 
wards the lens with a velocity z>, describing the space 
P Q = 5 in the time E, the duration of an exposure. 

When P P' reaches the position Q Q', its image will 
be represented by p q = h' ; and by similar triangles, 

h / 



also 



H 


c 


/. h = 


/H 

c 


h' 
H 


f 

c — s 


/. V = 


/H 
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and 




Fig. 8. 



h' — h = H 



fs 



c(c — s) 



Since s must necessarily be very small compared with 
c we may write 

H/s 



h = 



(*) 



THE HAND CAMERA. 33 

If we adopt -^ in. as the permissible value of the blur 
h' — Ay then, 

H/s = 1 

G' 2 IOO 

and 

c 2 = 100 H/s .... (6) 

[Strictly speaking the distance hfi should be the focal 
distance corresponding to c ; but the error in assuming 
hfi constant and equal to the focal length, is of no 
practical importance.] 

Let #= the velocity of the object in inches per second, 
E = the exposure in seconds, 
H = the greatest dimension of the object in inches, 
/= the focal length in inches, 
c = the object distance in inches, 

then, since s = v E, eq. (d) becomes 

c a = 100 Hfv E 



/. c = 10 ^Kfv E . . (19) 

For practical purposes it is better to express v and c 
in more familiar measures : thus, if 

v = the velocity of the object in miles per hour, 
E = the exposure in seconds, 
H = the dimensions of the object in inches, 
f= the focal length in inches, 
and c = the object distance in yards, 
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then, taking an average value of H at 72 inches, eq. (19) 
becomes 



c (yards) = 10 ^J'vE. . . (19^) 

It will be seen later on that this formula is not of 
much practical utility, as it will be superseded by another 
giving a higher value of c required for other reasons. 

We may now consider the general case of an object 
occupying any position, and moving in any direction 
within the field of the lens. 

In Fig. 9, let L, denote the position of the lens ; f the 
focal length, and P an object whose position is defined 
by its linear distance c from the lens, and its angular 
distance a from the axis X X. 

Let us suppose that during the exposure E, the object 
moves with a velocity v y through the space P P' = s ; 
and let /3 denote the angle which the path of the object 
P makes with the axis. 

Now the movement of the object from P to P' causes 
a displacement of its image on the plate from p top' : 
and pp' corresponds with the apparent movement of P 
through the space P P" = s' parallel to the plate. 

[Besides the blurring//', there is also a blurring due 
to the resolved movement in the direction of the lens : 
but as this blurring is very small compared with that 
due to a lateral movement it will be neglected here.] 

By similar triangles, 

PP' f 



s' 




c. 


, COSa 


• 
• • 


pp' 


^ 


C . COSa 
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Fig. 9. 
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and taking as before ^-q in. as the permissible value of 
pp' 

fs' 

— rixy 

C . COSa 

100/s' 



. . c = 



But s' = 3. 



COSa 

sin (a -f ft) 



:. c = 100/s 



COSa 

sin a(+ ft) 



COS 2 a 

and substituting v& for ^ 

sin (a + /?) 



c=ioo/z'E : . . (20) 



cos 2 a 



This is a general formula applicable to all cases in 
which the blur due to the change of size of the image 
is neglected. 

The following six cases may occur : 

(I) The object P (Fig. 9,) at an angular distance a > o> 
moves in the direction PP' at an acute angle f3 with 
the axis. This is the case just considered, and 

. sin(a+/?) 

c= ioq/i>E 

cos 2 a 

(II) The object P, at an angular distance a > 0, moves 
in a direction P Q parallel to the axis of the lens. 
In this case (3 = : and eq. (20) becomes, 

sina 
c=ioofvE . 



cos 2 a 
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(III) The object P, at an angular distance a > 0, moves 
in a direction PP" at right angles to the axis of the 
lens. Here /? = 90 and 

c=ioo/z»E . seca 

(IV) The object P crosses the axis of the lens at an acute 
angle /?. In this case a being very small may be 
considered as ; and eq. (20) becomes 

c'=ioo/z'E . sin/3 

(V) The object crosses the axis at a right angle. In this 
case f3 = 90 , and (as in case IV) a = 0. Then 

c=ioo/z'E 

(VI) The object moves in the axis of the lens. Then a = 
and ft = ; consequently eq. (20) gives 

c = o 

1 

This of course is the result of neglectiug the blurring 
due to change of size of the image, but the case is 
provided for by eq. (19). 

It must be observed however, that these six cases 
refer to a single object occupying only a small portion of 
the field of the lens: but for practical purposes it is 
necessary to assume that there may be simultaneously 
several objects, in various positions, and moving in 
various directions. 

We must therefore adopt the formula which gives the 
highest value of c y in order to be on the safe side under 
all possible conditions. 

Equation (20) gives its maximum value of c for a = 
half the view angle of the lens ; and for /3 = (90 — a). 

Taking, for example, a view angle of 53 °. 8', (which is 
the angle subtended by the diagonal of a quarter plate 
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picture with a 5 in. lens), then, a = 26°.34' ; fi = 63°.26', 
and the formula becomes, 

c=i25/i'E .... (I) 

In the particular case of all objects moving in direc- 
tions parallel to the axis of the lens, the maximum value 
given by the formula in case, II, is, 

c=$6fo>'E (II) 

We may therefore, for general purposes, adopt formulas 
(I) and (II) for the limiting values of c ; and where it is 
only required to take a single object occupying but a 
small part of the field of view, the case can be dealt with 
under the formula which is specially applicable. 

If, as before, we express v in miles per hour, and c in 
yards, then for objects in any positions, and moving in 
any directions formula (I) becomes (in round numbers), 

c=6q/z>E (21) 

and, for objects in any positions, but all moving in 
directions parallel to the axis of the lens, formula (II) 
becomes : 

c=2jfvE (22) 

By inserting the numerical value of /, these formulas 
are further simplified, and easily committed to memory. 
Thus, for a 5 in. lens formula (21) becomes : 

c=30oz>E (21a) 

and formula (22) gives 

c=i35t>E (22a) 

These equations represent the problem in the form in 
which it usually occurs in practice. In setting out, for 
example, to take a series of " snap shots " in a town, the 
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exposure E, suitable to the prevailing light, size of stops, 
and rapidity of plate, should generally be calculated 
beforehand ; leaving only the permissable distance c to 
be determined at the time of making the exposure. 

Such at least is the easier mode of procedure : but the 
converse problem of finding the exposure required for 
given values of c and v, may also occur. 

By transposing in eq. (21) and (22) we have, for objects 
moving in any directions : 

E== TT ( 2 3) 

oofv 

and for objects moving in directions parallel to the axis 

of the lens : 

c 
E = (24) 

2 7 > 

For the 5-in. lens these formulas become : 

c 

E = ( 2 3 a ) 

300^ 

and c 

E = ..... (24a) 

c being the object distance in yards, v the speed of the 
object in miles per hour, and E the exposure required in 
seconds, in order that the blur due to the movement of 
the object may not exceed xJ^ inch. 

The following Table is given as an example of the 
method of utilizing these formulas. It is constructed 
by means of eq. (230), and contains the values of E for a 
5-in. lens and a view angle of 53 °. 8', which, as already 
said, is the angle subtended by the diagonal of a quarter 
plate picture as determined by the internal dimensions 
of the printing frame ; so that the figures are well on 
the safe side for a 5-in. lens on a quarter plate : and, 



4° 



THE TECHNICS OF 



considering the inevitable discrepancies that must occur, 
in estimating exposures, distances, and speeds, the Table 
may also serve for lenses of about the same focal length 
even on a 5 in. x 4 in. plate. 

Table II, giving exposure E in fractions of a second 
for objects in any position, and moving in any 
direction. 
Focal length of lens = 5m. View angle = 53 8'. 

Blur = tAtj in - 



c 
yards 






v = 


: »»7es per hour. 


I 


2 


3 


4 


5 


10 


20 


30 


40 


50 

7 V 


60 


3 


tJtf 








4 


A 










6 


A 


ihs 










10 


A 


A 


A 






15 


A 


A 


A 


A 


riff 

1 
75 

A 
A 










20 


A 


A 


A 


A 
A 








30 


A 


A 


A 


ToTT 






50 


i 


A 


A 


A 


A 




75 


J 


i 
i 


A 
4 


A 
A 


A 
A 


A 
A 


A 


100 


i 


A 


A 


A 
A 


150 


i 


i 


I 


A 


A 


A 


A 


200 


4 


i 


i 


4 


A 


A 


A 



Note. — For objects moving in directions parallel to 
the axis of the lens, the permissible exposure is 
about twice the valve of E given in the Table. 
(See eq. 24a.) 
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It may be of interest to point out that, although in 
one sense, a railway train in motion is a single object, it 
must not be treated so in photography, unless, of course, 
it is at such a distance as to occupy only a very small 
portion of the field of view. 

Referring to the equation which represents Case IV., 

viz. 

c—ioofaK . sin# 

it is evident that when a comparatively small object 
crosses the axis of the lens at an acute angle /?, the 
distance c may be considerably less than when it crosses 
at a right angle : so that there is an obvious advantage 
in photographing a small object at an acute angle. 

We may in fact, either diminish the distance c in pro- 
portion to sin /?; or, keeping to the same distance c } give 

the slower exposure 77- : but in the case of the train 

occupying a considerable extent of the field of view, this 
is no longer permissible. 

For example : in Fig. 10, T T' is a train ; L, L, 1 . . . 
etc., denote various positions of the camera, in which the 
axis of the lens makes a different angle ft with the path 
of the train : and a is equal to half the horizontal view 
angle : (i.e., half the angle subtended by the length of 
the picture) ; the locomotive T' being at the margin of 
the horizontal field of view. 

The figure represents the case for a 5-in. lens on a 
quarter plate ; and a = 21 °. 48'. 

The curve L, . . . L, lv indicates the minimum distance 
permissible between the camera and T', in order that 
the blur corresponding to given values of v and E may 
be the same for any position of the camera. The area 
within the curve, is a kind of forbidden ground. 

The positions L,, I/, . . . etc., are determined by eq. 
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(20) ; and c here denotes the distance L, T', etc., for 
different values of p. The maximum value of c occurs 
for (3= (60 — a) = 68°. 1 2' and this is indicated by the 

position I/max- 

It generally makes a more pleasing picture to photo- 
graph a train at an acute angle ; but if with T' as centre 
and radius T'L,, we describe the arc L,MN, it is evident 
that in the present case, no diminution of distance, (or 
increase of exposure), is permissible, until (3 becomes 
less than about 45 °. 



7 7 C*43f\>E ^.-" \fl-< 
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V? 



^ 
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1 
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J ft' M.° 









Fig. 10. 



It is in any case better to place oneself on the safe 
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side, by taking the train in a less advanced position, as 
represented for example by Fig. 14. It is also considered 
that by so doing, the picture, conveys a better impression 
of the motion of the object. 

In estimating the value of v for a living object, it is 
well to remember that the motion of the limbs may, at 
certain moments, be more rapid than the general motion 
of the body : and that the vibration of a vehicle may 
also cause a greater blur than that due to the rate of 
travel : but there is always the chance of catching this 
supplementary motion at the " dead point." 
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CHAPTER VIII. 

THE LENS. 

IT is hardly necessary to insist on the advantage of 
having a lens of good quality. 

It is a further advantage on the score of rapidity, that 
it should be capable of working at a large aperture ; but 
it must be remembered that at anything higher than 
//8, the depth of field for short object distances is very 
small ; and the use of the full aperture must then be 
necessarily restricted to cases where the objects are at 
approximately equal distances from the lens ; and where 
the distant view is as much as possible blocked out. 

The question as to the best focal length to adopt for a 
given size of plate, is not an easy one to decide ; as the 
relative merits of the long and short focus, are in some 
respects conflicting. 

In favour of the long focus we have, a larger image, 
truer perspective, and a more equal illumination of the 
plate : whilst the short focus gives a smaller hyperfocal 
distance, and greater depth of field ; both matters of the 
utmost importance with a hand camera. 

The tendency should evidently be to adopt as short a 
focal length as possible ; but the permissible ??itnimtim 
cannot be determined by purely theoretical considerations. 

Carried to excess the chief objections to a short focus 
are, loss of illumination, and imperfect definition at the 
margins of the plate when using a large aperture. 

If we reckon the intensity of illumination at the centre 
of the plate as unity, it can be shown that at any 
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1 the centre, the intensity is approximately. 

I 

• (25) 

ter plate, the net dimensions of a picture 
., the diagonal of which is 5 inches, 
ng Table, calculated by means of eq. (25), 
itive intensity of illumination at the centre 
dge B (*), and the corner C, of a quarter 
for lenses varying from 4 inches to 6 inches 
th : and the two last columns give the 
; view angles included by the lens. Too 
mce must not be placed on the values for 
lined in this Table ; as the distribution of 
varies to some extent according to the con- 
le lens ; and it may also be affected by the 

xperience has led to the common rule of 
Deal length about equal to the diagonal of 
For a quarter plate this is 5 inches, and 
)ws that it would be rather forcing matters 
his value, especially when using a " sliding 

lin extent a small lens implies a small 

from the point of view of portability this is 

1 : but with regard to the inertia of the 

lay often prove a disadvantage. Within 

mits, the heavier the camera the easier it 

lold it steady; and in the case of a very 

light instrument, it is sometimes a good plan to "ballast" 

if for which purpose a portable piece of lead or a 

(i) The middle of the shortest edge. 
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small bag of shot will be found convenient ; and this 
further assists in adjusting the balance of the camera. 

Table III., showing intensity of illumination, 
and view angles, on a quarter plate. 



Focal 

length cf 

Lens. 


Intensity of 

illumination 

at centre. 


Intensity of 
illumination 
at mid-edge. 


Intensity of 

illumination 

at corner. 


Horizontal 

view 

angle. 


Diagonal 

view 

angle. 


Inches 


A 


B 


C 


o.r 


0. t 


6 


I.OO 


.810 


.726 


36-52 


45-14 


5i 




.796 


.707 


38.22 


47.0 


54 




.780 


.687 


40.0 


48.52 


A 




.763 


.665 


41.42 


50.56 


5 




•743 


.640 


43-36 


53-8 


4i 




.721 


.613 


45-40 


5532 


4i 




.700 


.584 


47-14 


58.6 


4i 




.670 


552 


50.24 


60.56 


4 




.640 


•517 


5306 


64.0 



There is another question, pointing to the advantage 
of a small lens that deserves some attention. 

Theoretically, the enlargement of a negative from a 
small lens, will possess sharper definition in the images 
of all out-of-focus objects, than a negative of the same 
size as the enlargement, taken directly with a larger 
lens. 

To explain this matter, suppose for example two 
lenses of 5 inches and 10 inches focal length : both 
being in focus for infinity: and let us consider the 
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image of an object at a distance of 1000 inches from the 
lenses. 

If f denotes the focal length, x the distance of the 
object, n the diaphragm number, and 6 the diameter of 
the circle of confusion ; then by eq. (9), 

P 
0=— 

nx 

If both lenses are working at the same intensity, e.g. 
//io, then for the 5-in. lens 

25 1 

6 = = inch . 

10x1000 400 

and for the 10-in. lens, 

100 1 

6 = = inch . 

10x1000 100 

that is to say, the circle of confusion with the 10 in. 
lens is four times the size of that obtained with the 5 in. 
lens. The blurring in fact, is proportional to the square 
of the focal length. 

But the linear dimensions of the images are only in 
simple proportion to /; so that, whilst we enlarge the 
small negative to the same size as the large one; we 
only enlarge the circle of confusion in the same propor- 
tion : in the present case we double it, making it -^ in. 
which is still only one half the size of the circle of con- 
fusion in the direct negative. 

The enlarged image is therefore twice as sharp as the 
direct one ; and in a general way if/ and F denote 
respectively the focal length of the small and large lens, 

F 
the enlarged image will be — j- times as sharp as the 

direct one. 

The example just given, is for lenses in focus for 
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infinity ; but eq. (17) and (18) show that the principle 
practically holds good when the lenses are in focus for 
any finite distance c — the enlarged image being then 

F c — F 
— j— . . times as sharp as the image in the direct 

negative. 

The question as to how far this principle can be 
realized in practice is not so easy to decide as it may 
appear to be at first sight : and there must obviously be 
some limit to the degree of enlargement permissible; 
because the advantage indicated applies only to out-of- 
focus objects. The image of an object in true focus 
would gain nothing, and might evidently suffer. 

It is also more difficult to focus accurately with a 
small lens especially when a ground-glass screen is 
used ; since the " grain" of the glass is relatively coarser 
with a small image than with a large one. 

Then again, in making the enlargement, the focussing 
must also be done with great precision ; and there is no 
possibility of an error in this operation correcting any 
previous error in the original focussing ; whilst it may 
easily accentuate it. 

The evidence of the practitioner in the matter, seems 
to show that the result is not likely to occur in a fortu- 
itous manner; and it could hardly be expected in 
ordinary practice with the hand camera. 

Photographers seldom require to know the focal length 
of a lens with great accuracy ; as it is only when copy- 
ing maps or drawings to a given scale, that it becomes 
at all necessary to ascertain the exact focal length, as 
well as the positions of the node of incidence and the 
node of emergence. 

For ordinary lenses (not of the " telephoto " type) the 
following method will be found to give the focal length 



THE HAND CAMERA. 49 

with more than sufficient exactness for all practical 
purposes. 

(1) Focus for infinity, and mark the position of the 
index on the focussing scale. This determines the " in- 
finity mark." 

(2) Set up a well-defined object (e.g. printed matter) 
at about ten times the approximate focal length from 
the lens, and focus the object with a large aperture. 
Measure the extension of the camera from the infinity 
mark and call it x. [This measurement may be made 
with an ordinary draughtman's scale containing fifty or 
sixty divisions to the inch : and by reading the scale 
with the aid of a " focussing glass," the measurement 
can be determined within x^ inch.] 

(3) Measure the distance from the object to the screen 
and call this distance D ; then the focal length 



f= \/Dx— x . . . (26) 

This method is a modification of what is known as' 
Silberman's method, but it is much more accurate. 
Formula (26) neglects the distance between the nodes of 
incidence and emergence; but in ordinary lenses this 
distance is so small compared with D = 10/ that the 
error entailed is quite insignificant. 
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CHAPTER IX. 

THE SHUTTER. 

IT would not be possible, within the limits of this trea- 
tise, to discuss the many forms of shutter in use with the 
hand camera ; but there are certain properties, common 
to all types, that may be considered here. 

The action of a shutter can be examined in two ways : 
(i) experimentally, by means of apparatus specially con- 
structed for the purpose;^) and (2) by mathematical 
calculation. 

The first is, in a general way, the more practical 
method of the two; as it eliminates the discrepancies 
inseparable from a purely mathematical investigation. 
The latter possesses however, certain advantages, and it 
is in a combination of the two methods that the most 
instructive results may be found. 

For present purposes, shutters may be divided into 
two classes: (1) the " lateral" shutter, with which ex- 
posure commences and ends at the circumference, and 
(2) the " central " shutter, which commences and ends 
the exposure at the centre of the aperture. As an 
example of the first kind, we have the ordinary roller 
blind shutter with a single blind ; whilst the same form 
of shutter with a double blind, is a type of the second 
kind. 

A distinction must also be made with regard to the 
position of the shutter. This may be, (1) between the 

(*) See La Photographic Moderne by A. Londe, Paris, 1896, 
and Abney's Instantaneous Photography, London, 1895. 
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combinations of the lens ; (2) in front of the lens ; and 
{3) behind the lens. 

We will suppose for the present that the shutter is 
placed between the combinations ; though with the 
ordinary form of roller blind shutter, this of course is 
not practicable. 

To commence with the lateral shutter: let ABCD 
Fig. 11, represent the blind, which is supposed to be 
unrolled and lying flat. The rectangle 5 is the slot or 
aperture of the blind. 



Fig. 11. 

In order to simplify the diagram, it will be assumed 
that the blind, instead of moving across the axis of the 
lens, remains stationary in the position ABCD, and that 
the lens itself travels along the blind with a uniform 
motion in the direction AB. We consider, so to say,the 
apparent motion of the lens. 

The circles 0, 1, 2, etc., represent different positions of 
the lens during its progress along the blind ; and, in 
order to analyse the operation of an exposure, we have to 
consider the admission of light during the passage of 
the lens from one position to another. Having deter- 
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mined the exposure for each change of position, the sum 
of the partial exposures so obtained, will give us the 
total exposure. 

To avoid confusion of terms, it is necessary to define 
the technical meaning of the word exposure as used in 
photography. The duration of an exposure, i.e. the time 
during which light is admitted to the plate, may, (with 
the shutter we are considering), be divided into three 
distinct periods. During the first and third periods the 
aperture of the lens is more or less masked by the blind, 
and it is only during the central period that it is fully 
exposed ; so that in saying, for example, that a certain 
plate has received an exposure of one second, it is not 
(should not be) meant that the full area of the aperture 
was exposed for exactly one second ; nor even that the 
light was allowed to act for exactly one second ; but 
simply that the plate received an exposure equivalent 
(as regards the quantity of light admitted) to the ideal 
exposure that would be given in one second, if the time 
occupied in uncovering and covering up the aperture 
could be reduced to zero. 

In order to obtain the equivalent of this ideal exposure, 
it is evident that the actual duration of the admission of 
light must exceed the stated period of one second ; and 
this is expressed by saying that the actual exposure is 
always greater than the effective exposure. 

If Ti denotes the actual exposure, and T2 the effective 
exposure, then the ratio of T 2 to Ti is called the " effici- 
ency" of the exposure;^) so that if E' denotes the 
efficiency, we have, 

(*) It is usual to speak of the efficiency of the shutter ; but 
this is not strictly correct, as the efficiency is not constant, but 
varies with the area of the diaphragm aperture. 
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E '=;p (27) 

Returning to Fig. 11, let 

/ = the distance travelled by the lens. 

T = the time occupied by the lens in travelling 
the distance /. 

s = the length of the slot. 

A = the distance from the centre of the extreme 
positions of the lens to the nearest edge of 
the slot. 

d = the diameter of the diaphragm aperture. 

N = the number of times that d is contained in 
the length s. 

[In Fig. 11, N=2, but it may have any value whole or 
fractional.] 

Now it is evident that in the passage of the lens from 
position to position 1 there is no exposure. 

In passing from 1 to 2 the aperture is progressively 
uncovered, and it can be shown that if the motion of the 
lens is uniform (which is practically the case with the 
shutter we are considering) the effective exposure for this 
part of its course, is equal to one half the actual exposure. 

In passing 2 to 3, the aperture is fully exposed, and 
the effective exposure is equal to the actual exposure. 

From 3 to 4, the effective exposure is again equal to 
half the actual exposure : and from 4 to 5 the exposure 
is once more nil. 

If A, th 4, etc., denote respectively the time occupied 
by the lens in travelling from positions to 1, 1 to 2, 
2 to 3, etc., then, since T is the time occupied in travel- 
ling the whole distance /, we have, 
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2A. — d 



< 1 = T. 



2/ 



^ d 

4-T. y 

/.-T.. y 

and so on. 

Continuing in this way the results for the case repre- 
sented by Fig. ii, may be summed up in the following 
manner. 

From o to i Actual exposure = o Effective exposure = o 

Td Td 



>> 



>> 



I — 2 



2—3 



» 3 — 4 
» 4—5 



l> 




I 
Td 


>> 




2/ 

T<* 


>> 




I 
Td 


>> 




/ 
Td 


l> 




I 


>> 




2/ 


>) 




= o 


>» 




= o 


Totals 


TV 


3™ 
I 




T a 


2T<2 


/ 



These results may be expressed by the general relations, 

(N + i)d 
T 1= T. ; .... (28) 

T 2 =T.— — (29) 

But 

Nrf = s 

s+d 
/.T^T.— — .... (30) 
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S 

T 2 =T.— .... (31) 

and T 2 s , v 

E' = — = . . . (32) 

Tj s+d V0 ' 

If as before we substitute for d its equivalent — , these 

equations become 

ns + f 
T,=T.-^ .... (33) 

111 

s 
T 2 =T . — . . . . . (34) 

ns 

E '=— T7 .... (35) 
iis+f 

[It may be noted that it is not necessary to bring / 
into the calculations, and T might be taken as the time 
occupied by the lens in travelling the length of the slot ; 
but it gives perhaps, a better idea of the action of the 

shutter to consider the velocity of the blind as -^ instead 

of-~] 

Equation (30) shows that for any given value of T (i.e. 
for any given tension of the spring), the actual exposure 
Ti decreases as the size of the aperture is diminished ; 
whilst, as eq. (31) shows, the effective exposure is constant 
for all apertures : and it may be noted here, that this is 
peculiar to the lateral shutter. 

Let us now suppose that we have two plates whose 
rapidities are as 1 to 18 ; and that the slow plate requires 
a shutter speed T of, say one second, with aperture f/8 : 
then for the same shutter speed, the rapid plate will re- 
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quire the lens to be stopped down to //32 in order that 
it may receive an effective exposure proportional to its 
" sensibility." 

Taking for example a 5 in. lens, we have 

f = 5 inches. 

T = 1 sec. 
Also let 

/ = 5^ inches. 

s = 2 „ 

and substituting these values in eq. (33), (34) and (35), we 
have for the slow plate with n = 8, 

~ 8x2+5 

T 1= — = . 4773 sec. 

8x5.5 







TV 


2 

= = . 3636 sec. 

5-5 










E' 


8 


X2 








8x2 + 5 




For 


the 


rapid plate, 


and n = 32, the 


same 


equations 


give, 






T 2 
E' 


= .3920 sec. 
= .3636 ,, 
= .9275 » 







These examples show that whilst the effective exposure 
is the same in each case, the actual exposure is about 
18 % less with the rapid plate and small stop, than with 
the slow plate and larger stop. The effect of this is, 
that in photographing a moving object, the blur due to 
the movement of the object would be about 18 % less on 
the rapid plate than on the slow one. This shows the 
value of an efficient exposure in hand camera work. 

It must however be observed that the theory assumes 
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that the actinic action of the light commences immedi- 
ately the aperture is partially uncovered; but it has 
been shown by Mr. Londe( 1 ) that a certain initial area of 
the aperture must be exposed before there is any appre- 
ciable action on the plate. 

It is evident however that the theoretical results, with- 
out being absolutely correct, indicate the true tendency ; 
and it is only with small apertures that the " initial 
area " could have any appreciable effect. 

An idea may be formed of the influence of this initial 
area, by assuming for instance in the last example, with 
n = 32, that the action of the light commences only 
when the first half of the area is uncovered ; and ceases 
when the last half remains to be covered. Eq. (28) and 
(29) then become 



or 



J 


T 1= 


=T. 

/ 


a 


T 2 = 


_ t (2N-1W 
2/ 




T,= 


s 
=T.— 
/ 




T 2 = 


277S — / 

=T. J 
211I 


The two last 


equations now give 




T 1= 


= • 3636 sec. 




T,= 


= . 3494 sec. 



and 

E'= . 9610 

so that, although the absolute values of the exposures 
(*) Loc. cit. 
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are diminished, the efficiency is increased. The influ- 
ence of the " initial area" is therefore to give a more 
efficient, but somewhat less intense exposure — and this 
is not necessarily a disadvantage. 

Various appliances have been devised for measuring 
experimentally the duration of an exposure. The best 
is that which registers the vibrations of a tuning-fork. 
There is also the more familiar, and fairly accurate 
method of the bicycle wheel — as well as many other 
similar contrivances. It is important however to re- 
member that these methods by themselves only record 
the actual exposure Ti ; whilst it is the effective exposure 
T2 that determines the merits of a shutter. 

The efficiency E' may also be found experimentally, 
by means of " shutter diagrams" obtained with the 
apparatus already mentioned ; and knowing the values 
of Ti and E' we have 

so that, for the experimental method to be complete, it 
is necessary that Ti and E' should be determined con- 
jointly, and for different stops. 

In comparing two shutters, we may find that both 
record the same number of vibrations of the tuning 
fork, i.e. both give the same actual exposure : and yet, 
the efficiencies (and consequently the effective exposures) 
may differ considerably. 

Mr. Londe also points out that the initial area of 
aperture required, to enable the light to act, varies 
according to the intensity of the light. For instance the 
tuning fork experiment with a powerful electric light, 
would register a longer actual exposure than the same 
experiment with a weak light. 

In the same way we should expect to find that the 
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bicycle wheel experiment in sunlight would make the 
shutter appear to work more rapidly in winter than in 
summer. Also the brighter the indicating mark on the 
wheel, the slower will the shutter appear to work. 

Then again in recording the vibrations of the tuning 
fork, a rapid plate and energetic developer, will indicate 
a greater number of vibrations, and consequently make 
the shutter appear to work more slowly than would a 
slow plate and weak developer. 

All this goes to show how practically impossible it is 
to determine experimentally the absolute value of an 
exposure. 

From the practical point of view however, it is only 
necessary to know the relative values of the exposures 
given by a shutter ; and in this respect the writer would 
suggest that greater uniformity of results would probably 
be obtained by measuring experimentally the velocity of 
the blind for different tensions of the spring, and then 
determining the values of Ti and T2 by calculation. The 
value of T can be found by a graphical method which is 
independent of the actinic power of the light ( l ) — and it 
does not seem impossible to find a coefficient to provide 
for the influence of the " initial area." 

Equations (33), (34) and (35) are applicable to any 
lateral shutter with which exposure is effected by the 
passage of a rectangular slot across the axis of the lens 
with a uniform velocity. 

Eq. (35) shows that the longer the slot the more 
efficient will the exposure be. The slot should therefore 
be as long as it is possible to make it ; but there is a 
practical limit which is soon reached, because owing to 
the lap (A Fig. 11), required to cover the aperture, we 

(^See La Photographie Modcrtie, 2nd Ed. p. 132. 
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cannot increase ^ without an equal increase in the length /. 

Now if we increase /, the blind (for we may now drop 
the analogy of apparent motion) will have to travel a 
greater distance ; and in order to give the same actual 
exposure it must evidently travel at a higher velocity ; 
which means that we must increase the tension of the 
spring. 

For the same actual exposure Ti eq. (30) shows that 
the velocity v of the blind is proportional to (s + d) ; and 

the efficiency E' (eq. 32) is proportional to —t-j ; so that 

v (s + J) a 



E' 



which shows that if we increase s y the tension of the 
spring increases at a much more rapid rate than the 
efficiency. 

Equation (30) also shows that for any given lens the 
smaller the shutter the more rapid can the exposure be 
made; whilst with the same lens a larger shutter (even 
with the same relative values of s and /), is capable 
of giving a more efficient though less rapid exposure. 
For ordinary work, requiring only a moderate speed, it is 
therefore advantageous to adopt a shutter a size or two 
larger than what would usually be considered appropriate 
to the diameter of the lens.^) 

We may now consider the action of the " central" 
shutter in which there are two symmetrical blinds Bi B2 

(*) In the case of a shutter placed in front of the lens, this 
should not be done by fitting it to the " hood " ; because by 
so doing the blind is at a greater distance from the lens ; and 
this, as will be seen later on, is objectionable. With a 
" behind the lens " shutter there is no difficulty in the matter. 
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Fig. 12, which travel across the axis of the lens simul- 
taneously in opposite directions. 

[Fig. 12 shows the blind in front of the lens, but for 
the present it will still be assumed to be close to the 
diaphragm.] 

By a somewhat similar process to that already des- 
cribed, we find for this shutter, 



Ti=T.y .... (36) 



2S — d 

T.= T.— — .... (37) 



T 2 2s-d 
E"=«= • • • (38) 



Tx 2S 



f 
and, substituting as before - for d } 



T 1= 


=T 


s 

• 

/ 




T 2 = 


=T 


211s — 

• 

2lll 


f 


E" 


2 11s— f 








211S 





• (39) 



. (40) 



• (41) 



We see from these equations that whilst with the 
lateral shutter T2 is constant and Ti variable, with the 
central shutter Ti is constant and T2 variable. The 
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Fig. 12. 
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effect of this is that in using different diphragms, the 
intensities of the exposures given with the usual series 
J /"/8,//ii.3,y/i6, etc., will not be in geometrical progres- 
sion, as is the case with the lateral shutter ; and, as will 
be seen below, this creates a difficulty in deducing the 
value of the exposure required with a given stop, from a 
previous exposure found correct for another stop. 

To compare the action of the two shutters, if we take 
as before 

f = 5 inches 



s = 2 „ 



I = 5-5 » 
T= 1 second 

and 11 — 8 

then eq. (39), (40) and (41), give 

T x = .3636 sec. 

T 2 = .3068 „ 

E" = .8438 
and for n = 32. 

Ti = .3636 

T a = .3494 

E" = .9610 

These examples show that for the same tension of the 
spring, the actual and effective exposures are a little 
more rapid than those given by a lateral shutter of the 
same dimensions; and that the effective exposure in- 
creases as the aperture is diminished. In the present 
example the efficiency with//8 is about 10% higher than 
with the lateral shutter ; though only about 3 \ per cent 
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higher with //^2 : but with the usual stops employed 
with a hand camera there will always be a slight advan- 
tage in this respect, in favour of the central shutter. 
By comparing eq. (38) and (32) we find, 

E " d ( d) 

— =1+— 1 

E' 2S[ s j 

which shows that the central shutter gives a more 
efficient exposure than a lateral shutter of the same 
dimensions, as long as s is greater than d; which is 
practically always the case, except of course with the 
focal plane shutter. 

If in the last example we take the // '16 stop, then eq. 
(40) gives 

T 2 = .3352 

and comparing this with the effective exposure, for the 
f/8 stop (viz. . 3068) we find that the intensities of these 
exposures, instead of being in proportion to the areas of 
the apertures (viz. as 1 to 4), are in the proportion 

• 3352 1 



4 x . 3068 3.6 

that is to say, the intensity of the exposure with the //8 
stop is only about 3.6 times that given ai//i6. 

In a similar case, Sir William Abney( 1 ) found experi- 
mentally for the same stops the ratio 1 to 3. The 
disparity may no doubt be partly due to a difference in 
the dimensions and rate of speed of the shutters. 

Equation (40) shows that theoretically the ratio of 1 to 

Q) Instantaneous Photography, p. 46. 
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3 would only occur for s = . 156/. Such a small value 
of s would only be admissible with a shutter having 
accelerated motion, and eq. (40) would of course not be 
applicable. 

With the double blind, the first and third periods of 
an exposure (i.e. the uncovering and covering up of the 
aperture), occupy only half the time required by the 
single blind ; and it might appear at first sight that the 
central shutter should always give half the actual ex- 
posure of a lateral shutter, for the same values of s } d and 
T ; but, as eq. (30) and (36) indicate, this is only the case 
for d = s ; i.e. when the diameter of the aperture is 
equal to the length of the slot. When s is greater than d, 
the central period of the exposure is always equal with 
both shutters. 

As the ratio -7- diminishes, the actual exposures for 

the two shutters approach equality ; and would in fact 
be equal for an infinitely small aperture. In such case 
the actual and effective exposures are equal to the time 
that the blind takes to travel the length of the slot ; and 



T 1 = T a =T.— 

/ 



With the central shutter, this is actually what occurs for 

a very small area at the centre only of the aperture ; so 

that the illumination of the aperture (not the plate) is not 

equal over the whole of its area : but with the lateral 

shutter, every point (and consequently the whole area) 

Ts 
of the aperture receives the ideal exposure -y-. 

The following Table contains the relative values of 
the exposures given by the two shutters with a 5 in. 

5 
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lens, for s = 2 in. / = 5J in. and the same tension T of 
the spring. 



fin 


Actual 
Exposure T x . 


Effective 
Exposure T fl . 


Efficiency. 


Lateral 
Shutter. 


Central 
Shutter. 


Lateral ! Central 
Shutter. | Shutter. 


Lateral 
Shutter. 


Central 
Shutter. 


Z/5.65 


5tf. 

1.44 


sec. 
1. 00 


sec. 
1. 00 


sec. 
•78 


.70 


.78 


//8 


i-3i 


1. 00 


1. 00 .84 


.76 


.84 


//"■3 


1.22 


1. 00 


1. 00 .89 

1 


.82 


.89 


//16 


1. 16 


1. 00 


1. 00 


.92 


.86 


.92 


//22.6 


1. 11 


1. 00 


1. 00 


94 


.90 


•94 


//32 


1.08 


1. 00 


1. 00 .96 


•93 


96 


//45 


1.06 


1. 00 


1. 00 j .97 

1 


.96 


•97 



This table shows that for small apertures, there is no 
appreciable gain of speed with the central shutter unless 
the force of the spring is increased. 

The double blind shutter as usually made, is capable 
of giving about (*) half the exposure of the lateral shutter 
of the same size, but this is almost entirely due to its 
having a stronger spring. 

We may now consider the effect of placing the shutter 
outside, i.e. either in front of, or behind, the lens, as 
shown in Figs. 12 and 13. 

If « denotes the half view angle, then it is evident that 
the action of the light that reaches the plate through the 

( J ) About half, because the proportion is not the same for all 
stops. 
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slot s Fig. 13 A, is governed by the diameter d of the 
cone bounded by the rays R R' • and we need not con- 
sider the rays outside RR' since they do not contribute 
to the formation of the image. 



Fig. 13, 

[Although these outside rays do not fall on the useful 
part of the plate they nevertheless add in some measure 
to the illumination of the lens ; and consequently appear 
to increase the intensity of the exposure, without affect- 
ing its duration]. 

Denoting by x the distance of the blind from the node 
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of incidence, or the node of emergence, according as the 
shutter is in front of or behind the lens, we have, 

</* = 2-rtanu. 

The distance x will vary according to the construction 
of the lens ; but for an ordinary lens of the anastigmat 
class, it will probably not exceed one sixth of the focal 
length. Taking as before a = 26' .34', then 

if f 

6 D 6 

Returning to eq. (30) and substituting <T for d y we 
have, 

. ■ j* 
s — a 

T, = T. .... (30a) 

so that the actual exposure with the lateral shutter is 
now independant of the aperture of the diaphragm ; as 
long as <T is greater than d which is practically always 
the case. 

The duration of the effective exposure is also indepen- 
dant of the aperture, and eq. (31) remains as before 

s 
T 4 =T.— ..... (31a) 

For a = 26 .34' and x = v- eq. (30a) becomes 

6s +/ 
T l= T. 



T 4 =T. 
/ 



6/ 
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and 6s 



We see then, that the effect of placing the lateral 
shutter outside the lens, is to increase the duration of 
the actual exposure, without any gain in effective ex- 
posure. This, as already pointed out, is a disadvantage 
in the case of moving objects; and it is the more felt the 
greater d ', i.e. the greater the view angle of the lens, 
and the greater the distance of the shutter from the lens. 

With the central shutter the same results obtain, but 
in a different order. Equation (36) remains as before, 
and 

T 1 = T.y .... (3&O 

2S — tl' 

T a =T. — .... (37^) 

2/ 

and 25 — d' 

E"= .... (3&z) 

2S 

In this case the actual exposure remains constant, 
whilst the effective exposure (with d ^ d) is smaller 
than when the shutter works between the lenses. 

As an extreme case of the " outside " position we have 
the " focal plane" shutter Fig. 13 B, in which the dis- 
tance of the blind from the node of emergence is nearly 
equal to the focal distance ; and d is nearly equal to the 
dimension of the image in the direction of the motion 
of the blind. 

Equations (3a/) and (310) are applicable to this shutter, 
bearing in mind however that Ti is the total duration of 
the passage of light through the slot: but since the 
plate at any moment, is only exposed over the width s y 



70 THE TECHNICS OF 

we must multiply Ti by , to obtain the actual ex- 
posure t\ received in succession by each portion of the 
plate : thus 

s+d' s 



/ 1= T. 



/ s+d' 
s 



• • *i — x • . 

This result follows directly by considering that every 
point in the surface of the plate receives an exposure 
whose duration is the time t\ that the blind takes to 
travel the length of the slot : thus 

s / 

s 
.'. /i=T . — 

It is evident that as regards duration of exposure it is 
immaterial whether the shutter is placed in front of or 
behind the lens : but there is a difference with respect to 
the intensity of the exposure. 

To take again an extreme case; if the focal plane 
shutter were placed in front of the lens the duration of 
the exposure would be the same ; but there would be a 
loss of illumination (*) proportionate to the distance of 
the blind from the lens. When the shutter is placed 
behind the lens there is no such loss of illumination, 
and this is, therefore, in all cases, the best " outside" 
position. 

(*)A penumbra would be formed in front of the lens. 
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There are three methods commonly employed for 
varying the speed of a shutter : viz., (1) by altering the 
length of the slot ; (2) by the retarding action of a pneu- 
matic brake; and (3) by varying the tension of the 
spring. 

The last is by far the best method of the three. A 
good steel spring will retain its elasticity, and work with 
perfect regularity for many years. The method of alter- 
ing the length of the slot gives great regularity, but it is 
bad in principle, because rapidity is only obtained at the 
cost of efficiency: and the pneumatic brake, though 
perhaps the most convenient method, is apt to be 
extremely unreliable as to speed. 

Enough has been said to show how important it is that 
the hand camera photographer should pay attention to the 
working qualities of his shutter. From the point of view 
of intensity it is not necessary to know (even approxi- 
mately) the absolute values of the exposures given by a 
shutter ; but it is of the utmost importance to be able to 
vary the duration with regularity and certainty. Having 
regard, however, to the blurring due to the movement of 
objects, it is well to ascertain as nearly as possible the 
absolute values of the actual exposures corresponding to 
the graduation of the dial ; otherwise formulas, such as 
those given in Chapter VII, might require a coefficient 
to correct them for the " error of the shutter." 

There are many other types of shutter, especially those 
having variable motion, that afford an interesting study ; 
but want of space requires that they should be dismissed 
with a few brief remarks. 

Shutters with accelerated motion differ only from 
those just considered, in giving a comparatively high 
efficiency for a short distance travelled by the blades. 
This result may be obtained by the principle known in 
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Mechanics as the conversion of circular into recipro- 
cating motion, which causes the velocity during the first 
and third periods of the exposure to be more rapid than 
during the central period. 

It would not be possible to establish formulas generally 
applicable to shutters of this description, as the acceler- 
ation is due to the eccentricity of a cam which may van- 
in shape ; and each shutter would require an individual 
calculation. Algebraically this makes a rather compli- 
cated problem ; but by applying the methods of graphical 
analysis, with diagrams drawn to a large scale, the 
process is greatly facilitated ; and when the eccentricity 
of the cam is known, the efficiency can be easily deter- 
mined. 

The general conclusions to be drawn, as to the merits 
of different shutters, seem to be, that the ideal shutter for 
the hand camerac is a lateral shutter of high efficiency 
working between the combinations of the lens. With 
this shutter the effective exposure is practically constant, 
and the intensities are, consequently, in almost exact 
proportion to the areas of the apertures : but as shutters 
increase in efficiency, all types tend to an equality in all 
respects ; subject of course to their capacity for varying 
the speed with regularity: and no efficiency, however 
high, should be purchased at the cost of this most 
essential quality. By regularity is meant that the 
exposure can be varied by equal multiples, and that a 
known exposure can be repeated at any reasonable 
interval of time. 

With regard to the ordinary single blind shutter, it 
should be placed as close as possible to, and preferably 
behind, the lens, where it does not affect the intensity of 
the exposure. 

As to the double blind, this appears to be a contrivance 
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of rather doubtful utility ; and the writer is inclined to 
think that except in the case where the diameter of the 
aperture approaches in value to the length of the slot, 
(which is a state of things to be avoided), it would be 
better to obtain rapidity by increasing the force of the 
spring of the single-blind shutter. 

We must not lose sight of the fact that with the 
double blind the cone of rays included by the view 
angle, is necessarily intersected at a greater diameter 
than with the single blind ; in consequence of which 
there is a loss of efficiency ; and, when the shutter is in 
front of the lens, a loss also of intensity. There is, 
therefore, a tendency with the central shutter to gain 
rapidity at the cost of efficiency and illumination. 

Besides this, the central shutter in any " outside" 
position, tends to cause unequal illumination of the 
plate, by shortening the duration of the action of the 
outer rays of the cone R R', Fig. 12 (*) ; and finally its 
effective exposures are not proportional to the areas of 
the apertures, as is the case with the lateral shutter. 
Taking these objections all together, theory seems to 
indicate the superiority of the lateral shutter. 

(*) With a rectangular slot, and also when the efficiency is 
high, this objection loses some of its force. 
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CHAPTER X. 



EXPOSURE. 



It has been suggested by writers on this subject, that 
the photographer should be able to " feel " the exposure 
required; and, no doubt, after long and constant practice, 
it becomes possible, by a more or less unconscious exer- 
cise of judgement, to repeat a previous experience : but 
the beginner, or the photographer who occasionally lays 
aside his camera, must of necessity work on some more 
systematic principle ; based on the use of an actino- 
meter, (*) or an " exposure table." 

It must be remembered that the photographers own 
note book is the true foundation of any system for esti- 
mating exposure; and the method proposed in this 
Chapter is only given as a suggestion to those who have 
not already acquired some experience in the matter. 

In a general way, the exposure required for a given 
plate, depends chiefly on, (i) the actinic power of the 
light ; (2) the distance included in the view ; and (3) 
the area of the aperture of the diaphragm. The influence 
of the latter is so well known that it need not be 
discussed here. 

It is found by experiment that during the greater part 
of the day, the exposure required in bright sunlight 
varies approximately as the cosecant of the sun's altitude 
above the horizon. 

(*) A contrivance of rather uncertain utility. 
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If / = the latitude, 

d = the sun's declination, 
H = „ ,, hour angle, 
and a = ,, ,, altitude, 

then by solving the "astronomical triangle" we have, 

sin a = sin / . sin d + cos / . cos d . 00s H . (42) 

This equation determines the sun's altitude at any 
hour H in angular measure from the meridian. 
At noon cos H = i, and eq. (42) becomes 

sin a = cos(/ _+ d) . . . (43) 

the sign | + | being used according as the Lat. and 

n ( one North and the other South. | 

uec. are j both North Qr both South ^ 

For the latitude of London, viz. 5i°.3o', eq. (42) 
becomes, 

sin a = . 78 sin d + . 62 cos d . co * H . . (42^) 

The following Table, which is calculated by means of 
eq. (420), contains the " light coefficients" L for the 
whole year, divided into periods of ten days. 
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The unit value is for bright sunlight at noon on June 
21st ; that is to say, the figures in the Table are equal to 
the cosecant of the sun's altitude for the day and hour 
indicated, divided by the cosecant of the meridian 
altitude on June 21st. 

For Laf. 5i°.3o' N., this meridian altitude, as deter- 
mined by eq. (43), is6i°.57', and its cosecant is 1.133; so 
that the figures in the Table are represented by the formula 



To put Table IV. to practical use, it is necessary to 
have the records, accompanied by the corresponding 
prints, representing a few cases of successful exposure. 



Suppose, for example, the view Fig. 14, to have been 
taken in bright sunlight on March nth, at n h 30™ a.m. 
with //i 1. stop, and an exposure of ff * sec.; and that 
this exposure was found to be satisfactory. 
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A print is made, and pasted in a note book, with a 
record of the exposure (and the " shutter number" S n 0) 
reduced to the exposure required for bright sujtlight at noon 
on June 2ist y written underneath. 

To effect this reduction, we see that the light coeffi- 
cient in Table IV., for March nth, at n h 30 111 a.m., is 
1.55. We have, therefore, only to divide -fa sec. by 1.55, 
to obtain the exposure (viz. -fa sec.) required under the 
same conditions on June 21st, at noon. 

Having registered the exposure in this way, the print, 
with its accompanying note, forms a permanent record 
to be used as a basis in estimating the exposure required 
for a similar view at any other period of the year ; by 
simply multiplying the recorded exposure by the appro- 
priate coefficient in Table IV. 

For example : to take the same view in full sunlight 
on August 21st, at io h 30 111 a.m. ; the required exposure 
is, 

1 1 
1.25 x — = — sec. 
93 72 

It must be noted that the figures in the Table are only 
immediately applicable when the sun is shining directly 
on the view or object. 

For " diffused light," it is sufficient to add 2 to the co- 
efficient in the Table ; i.e. if we denote the coefficient 
for diffused light by D, then, 

D = L + 2 

By " diffused" light is meant that, with the sun 
shining brightly, the view or object is in light shade; 

(*) For example : with a Thornton-Pickard shutter, the 
suffix letter n would indicate the number of clicks of the pawl 
made in winding the shutter. 
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or, that the direct rays of the sun are masked by a 
solitary cloud. 

For less intense light than what can properly be called 
diffused, it is difficult to establish anything like an exact 
scale ; as each individual forms his own appreciation of 
the meaning of the terms employed to denote the relative 
intensities; but, roughly speaking, the coefficients are 
as follow : 

Bright Sunlight, Coefficient = L 
Diffused Light, „ = L -f 2 

Cloudy ,, = 2 (L + 2) 

Dull „ =- 3 (L + 2) 

Very Dull „ = 4(L + 2) 

or, if it is desired to attempt greater accuracy, the 
following Table, which is copied from Mr. Boursault's 
treatise, may be used. 

Table V. (Boursault.) Atmospheric Coefficients. A. 



State of the Atmosphere. 


A 


Blue Sky 


1.00 
0.90 
0.80 


Ditto, after rain 

Ditto, with white clouds 


Ditto, with white clouds after rain 


0.70 


Light grey clouds or slight haze 


1.50 


Dark grey clouds or slight fog 


2.00 


Very dull sky 


4.00 



The first four coefficients in this Table are to be 
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applied to the figures in Table IV ; and the last three to 
the coefficient D = (L + 2). 

Early and late in the day the relation between the 
sun's altitude and the actinic power of the light is liable 
to vary considerably owing to the colour of the light ; 
and, the writer has found that the exposure required for 
bright sunlight with an extra-meridian altitude of 6°. 30', 
in a low latitude, will generally be somewhat longer 
than for a meridian altitude of the same value in a higher 
latitude; but with all small altitudes the exposure 
becomes uncertain. 

It is necessaty r , of course, that the pictures used as 
standards, should include a fairly wide range of subjects; 
e.g. from a portrait at close quarters, to a view embracing 
a large area of sea and sky; so that the influence of 
distance 'may be provided for in the record of the ex- 
posure. Some half-dozen or so of prints will probably 
be found sufficient as it is easy to interpolate by inspec- 
tion for views of an intermediate character. 

It is well to bear in mind that successful exposures 
obtained at early or late hours in the day, will not, as a 
rule, be so reliable for conversion into " standard expo- 
sures" as those taken when the sun is closer to the 
mefidian. 

It is not suggested that the above method embodies all 
that can be done towards securing correct exposure : it 
should be considered rather as a minimum of what is 
required. Mr. Boursault's treatise will be found to 
contain more extensive Tables, and many other useful 
aids to the adoption of a more complete and exact system. 

It is necessary to observe that the hours at the head of 
Table IV, denote local apparent time, and this should be 
kept in mind when travelling East or West from the 
meridian to which the watch time applies. 
6 
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It must also be remembered that, roughly speaking, 
between Jan. 21st and March 21st, a watch set to mean 
time will be from about io min * to i5 min# fast\ and between 
Oct. 1st and Dec. 1st, from io min ' to i5 min - slow on the 
sun's apparent time. At early and late hours of the day 
this may affect the coefficients to a perceptible extent. 

For instance: on Feb. nth, at 3 h * 30 m * p.m., the co- 
efficient in the Table is 5.10; but at 3 11 ' 30 m * p.m., mean 
time on that day it is only about 3 h# i5 m * by the sun, and 
the coefficient derived from eq. (42) is only 4.35. 

In the same way ; on Nov. 1st, at 3 h# 30 m " p.m., the co- 
efficient is also 5.10, but at this hour by the watch it is 
about 3 h# 45 m# by the sun; and the coefficient should be 
6.35, instead of 5.10. 

The following Table will enable the proper allowance 
to be made for the difference of time when necessary to 
do so. 

Table VI. Approximate Equation of Time in minutes. 



Day 

of 

Month. 


Jan. 


Feb. 


Mar. 


Ap. 


May 


June 


1 

July ! Aug. 

j 

1 


Sep. 


Oct. 


Nov. 


Dec. 


I 


+ 4 


-f-14 

+ 15 
+ 14 


+ 12 
+ 10 


+ 4 


— • 2 


1 
- 3|- 2 


+ 4 

+ 5 
+ 6 


1 
+ 6j 

+ 5j- 4 


— IO 

-14 

-15 


-16 
-16 
-14 


— 11 


II 


+ 8 


- 4 

- 4 



+ 2 


- 6 


21 


+ 12 


+ 7 


+ 3 


- 7 


O 



In this Table the sign [ ~^_ ] indicates that the watch 
is [ l™^ 1 on the time given in Table IV. 



[It would be easy, though rather laborious, to calculate 
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a Table of coefficients for mean time, and tabulate the 
figures for each month separately, instead of bracketing 
them in opposition as in Table IV.] 

Table VII contains the sun's declination with its sine 
and cosine for three days in each month ; and with Table 
VI, only the ordinary trigonometrical Tables will be 
required to apply eq. (42). 
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Published collections of mathematical Tables usually 
contain a Table for converting H from time into arc ; 
but failing such a Table, if 

N = the number of minutes of time from noon 
and H = the hour angle in minutes of arc, 
then H = 15 N 

or Table VIII, giving directly the values of cos H, will 
be found a useful substitute. 



Table VIII. 




Values of cos B 


*• 






Minutes 
P.M. 


Hour P.M. 







1 


2 


3 


4 


5 







1. 00 


.966 


.866 


.707 


500 


•259 


60 


15 


•998 


•947 


.831 


•659 


.442 


•195 


45 


30 


.991 


.924 


•793 


.609 


•383 


.130 


30 


45 


.981 


•897 


•752 


•555 


. 321 


065 


15 


60 


.966 


.866 


.707 


500 


•259 


.000 







11 


IO 


9 


8 . 


7 


6 


Minutes 
A.M. 









Hour A.M. 







This Table is only carried to 6 o'clock, i.e to £[ = 90° ; but 
in the summer months, in high latitudes, eq. (42) still holds 
good for about an hour or so longer : and in this connection it 
may be well to note that if the hour angle is put in the form 
H= (90+ A) then, cos H= — sin A. 
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The influence of latitude may, of course become very 
appreciable, especially at early and late hours of the day ; 
and this should be remembered when travelling North 
or South from the latitude from which Table IV is 
calculated. For example, in Lat. 36N. (say Gibraltar), 
the coefficient at 3 p.m. apparent time on March 1st, is 
2.00, instead of 2.60 for London : whilst at Edinburgh 
it would be 2.95. 

The traveller, or the resident abroad, should therefore 
calculate a Table of coefficients to suit his " latitude in." 

From the remarks made towards the end of the last 
Chapter, it will be seen how necessary it is that the 
photographer should work to records supplied by his 
own shutter, and not trust to outside information as to 
correct exposure. 

The writer once had occasion to ask a farmer in South 
Africa how much corn his land would produce per acre. 
His reply was : " It depends on the size of the acre." 
This was quite true; because in the language of the 
country an " acre " signifies a " plot of land." 

So with photographic exposure. The photographer's 
second is simply a " period of time," a unit of his own 
creation, not necessarily equal to the standard measure 
employed in astronomical calculations. 
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CHAPTER XI. 



DEVELOPMENT. 



This treatise would perhaps appear incomplete without 
some remarks on the plate and its development ; but in 
view of the already extensive literature of this branch of 
the subject, a few words addressed only to beginners will 
no doubt suffice. 

Discussions of this question generally turn on the 
three following points : 

(1) The best developer. 

(2) The exact formula to use. 

(3) The conduct of the development. 

As to the first point ; it seems generally admitted that 
if there is one developing agent that can fairly claim to 
be better than another, it is " Pyro." 

With regard to the particular formula to employ ; it is 
commonly recommended that the beginner should follow 
the instructions supplied by the makers of the plate he 
is using. It appears tolerably certain, however, that 
this rule is " more honoured in the breach than in the 
observance " : and, curiously enough, often with marked 
advantage. 

For those who wish to follow this independant course, 
there is, as far as the writer can judge, no safer " all 
round" developer than the Beach " Standard," which is 
made up essentially as follows : 
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A Pyro i oz. 

Metabisulphite of Potash . i oz. 

Water . . to 10 oz. 

B Carbonate of Potash . . . if oz. 

Carbonate of Soda (granulated) . if oz. 

Yellow prussiate of Potash . if oz. 

Water . . . to 20 oz. 

To develop a quarter plate in a case of " normal " 
exposure take 

A 40 minims 

B 80 „ 

and fill up to 1^ ozs. with a 5 % solution of sulphite of 
soda. 

One or two drops of a 10 % solution of bromide of 
potassium may generally be added, but no hard and fast 
rule can be laid down in this respect, as the necessity 
for bromide seems to depend to some extent on the make 
of the plate. 

The utility of the prussiate of Potash is not generally 
admitted. By some it is held to act as a restrainer, and 
by others as an accelerator ; but its effect appears to be 
to slightly blacken and increase the brilliancy of the 
film. 

The rational conduct of development, i.e., the manner 
of varying the process to suit the exposure, etc., is a 
subject on which much has been written, and it cer- 
tainly requires a volume to itself. There are, however, 
three fundamental rules, a knowledge of which may 
enable a beginner to avoid many failures. These rales, 
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or, as they might be called, canons of development, are 
as follow : 

(1) If the plate is known to be under-exposed, use less 
pyro, and more alkali than the " normal " formula 
states : and dilute the developer with a little more 
water. 

(2) If the plate is known to be o^r-exposed, use more 
pyro, less alkali, and add bromide as required to 
prevent " fog." 

(3) For unknown or doubtful exposure, commence 

with a small quantity of pyro and add the alkali 
solution literally by drops, until the degree of 
exposure declares itself. Then gradually bring the 
developer to the normal condition, or as indicated 
by rule (1) or (2) as the case may be : and in 
all cases develop slowly, even if it should take one 
hour to obtain the required density. 

The hand camera photographer is sometimes advised 
not to use extra-rapid plates, on the ground that the 
small stop required to control the exposure may make 
the definition too sharp. In the writer's opinion the 
advice should be all the other way. It is difficult to 
believe that there is much evidence to show that the 
product of the hand camera is likely to err at all fre- 
quently in the way suggested ; whilst the advantage of 
the small stop in giving greater depth of field and a 
shorter hyperfocal distance, (to say nothing of a more 
efficient exposure), is most obvious : and moreover, a 
subsequent enlargement of the negative will always 
prove a remedy for anything like an excess of defini- 
tion. 
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It is not excess of definition that should be guarded 
against, but bad distribution of depth of field ; and many 
a fixed focus camera would be greatly improved by a 
very slight alteration in the focal distance of its lens. 
The rapid plate is, no doubt, somewhat more difficult to 
develop, but this ought not to weigh against the advan- 
tages it possesses in other respects. 

THE END. 



J^/-' 



I- 







Hwatp^u 



i«. 




